Introduction
Suicide is the second leading cause of death among young people aged 15 to 29 years, and the fifth leading cause of death amongst 30 to 49 year-olds. 1 One of the strongest predictors of suicide attempts is the experience of suicidal ideation (SI), which includes having thoughts, beliefs, mental images, voices, or other cognitions about killing oneself. 2 
Analysis of World
Health Organization mental health survey data from 17 countries and involving over 48,000
participants revealed an estimated lifetime prevalence of SI of 9.2%, with 60% of first-ever suicide attempts occurring within the first year of SI onset. 3 Hence, early identification of SI risk has strong potential to aid suicide prevention.
Detection of at-risk people can be challenging due to their reluctance to report SI and seek help. 3 This is particularly relevant for men, despite men having a higher suicide death rate than women. 4 Of 3242 consecutive 15-24 year old general practice male patients, 22%
experienced current SI yet only 12% presented to their general practitioner citing psychological complaints. 5 More importantly, Busch et al. 6 have reported denial of suicidal ideation for 78% of clinical inquiries regarding suicidal ideation which were conducted close to suicide. Despite the substantial proportion of at-risk people who do not seek mental health support for SI, many of these people do visit a primary healthcare physician within the months that precede suicidal behavior. Estimates for the percentage of individuals who die by suicide having visited their primary healthcare physician within a month of their death, range between 45% and 75%. 7, 15 This research suggests that primary healthcare physicians are well-positioned to detect and manage suicide risk.
However, there remain barriers to suicide risk assessment in primary healthcare settings in addition to a reluctance amongst suicidal patients to verbalize thoughts of suicide. 8, 9 Primary healthcare physicians have reported insufficient time to conduct suicide risk assessments within a Telemedicine and e- Health   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   o  r  P  e  e  r  R  e  v  i  e  w  O  n  l  y  /  N  o  t  f  o  r  D  i  s  t  r  i  b  u  t  i  o  n   4 single consultation 11, 14 and many physicians cite low confidence in their risk assessment skills. 10, 11, 12, 13 As a result of these barriers, the rate of inquiry for SI in primary care settings is low, even when patients present with depression or requests for anti-depressants (36% -42% according to Feldman et al. 15 ).
Computerized assessment has been suggested as a way to overcome patient-related barriers to SI disclosure, providing more accurate information to healthcare professionals than face-to-face enquiries. 16 The current research uses such data, collected in a computerized selfreported environment to develop a detection tool for suicidal ideation. This is very different from a suicide screening tool, of which there are many, usually asking very direct questions about suicide planning and previous attempts. 12, 13, 17, 18 The tool developed as part of the present study predicts the probability of SI using sociodemographic risk factors for SI, alcohol and substance use and psychological distress as measured using the Kessler Psychological Distress Scale-6 (K6).
There are several sociodemographic risk factors for SI such as age, gender, education, employment history and marital history. Female gender, younger age, and low educational attainment have consistently been identified as risk factors of SI amongst adults, with Nock et al. 19 proposing that these three risk factors may be "universal". Prospective research has identified that being unemployed and/or disabled is the strongest predictor of SI amongst adults and being separated, divorced or widowed has also been identified as a strong risk factor for SI. 20 These sociodemographic risk factors may be a reflection of the risk imposed through social disadvantage and isolation. 21 Military service has also been noted as an important risk factor for SI. Telemedicine and e- Health   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 20 The use of a large data set, collected using an open access online mental health web site meant that the costs of development for this tool were relatively low.
Materials
The Kessler Psychological Distress Scale-10 (K10) is a simple checklist which aims to measure the level of depression and anxiety in the past four weeks, with higher scores evidencing more distress. 23 This study used the Kessler-6 (K6), which is a shortened form of the K10 and has been found to have good reliability in this study (Cronbach alpha = 0.855) and studies conducted in a number of different countries, showing good concordance with independent clinical ratings of serious mental illness. 24, 25 Given the wide use of the K10 and the K6 in the healthcare system, there is strong potential to integrate the use of these brief scales with known socio-demographic risk factors to produce a SI detection tool. This paper describes the development of such a tool using data from the "electronic psychological assessment screening system" (e-PASS). The e-PASS is the assessment module in Anxiety Online 26 -now Mental Health Online (MHO). MHO is an open access online psycho-educational, assessment and treatment service for anxiety disorders (www.mentalhealthonline.org.au).
The e-PASS includes a variety of demographic and personal questions, the K6 and a recent suicidal ideation question, as well as an online program for the diagnosis of 21 mental disorders according to American Psychiatric Association criteria (DSM-IV-TR) 27 . Clients can access MHO from anywhere in the world, provided they have an internet connection, in order to obtain a psychological assessment and/or an online anxiety treatment program. However, to date, the majority (76%) of clients have been Australian residents. Those who undertake the e-PASS are first required to register and consent to the MHO terms and conditions. The procedures for collection and reporting of the MHO data were approved by the Swinburne University Human
Research Ethics Committee. The e-PASS has been described and validated in other studies. In particular a sample of 158 participants was used to evaluate the diagnostic capability of the e- Table 1 suggests that the e-PASS data under-represents the number of mental health patients accessing medical practitioner services in the older age groups (45+ years) and overrepresents the number of mental health patients in the younger age groups (<35 years). This may be due to the better computer access and/or literacy of younger mental health patients. In addition it over-represents the number of women accessing these services. This makes it essential that any model developed using the e-PASS data is checked for consistency across all relevant gender/age demographic groups.
The development of the e-PASS Suicidal Ideation Detector (eSID) had two phases as described in the methods section below. In the first phase a model for predicting the probability of suicidal ideation was developed using the e-PASS data and in the second phase the feedback of healthcare professionals was sought.
Methods

Phase 1: The development of the e-PASS suicidal ideation detector (eSID) tool
Initially the validity of the e-PASS recent suicidal ideation question, "Have you had recent thoughts of suicide?", was assessed in terms of the association between the responses to this question and the anxiety and depression severity estimates obtained from the e-PASS data.
As shown in Table 2 independent sample t-tests suggest significantly higher mean anxiety and depression levels for those who respond positively to this recent suicidal ideation question than for those who respond negatively, suggesting that a positive response to this suicidal ideation question is indeed indicative of a higher level of psychological distress.
Place Table 2 confidence in one's ability to manage their MH; quality of life; main MH concern; seeking MH assessment in regard to the type and severity of mental health difficulties being experienced; using alcohol or substances to cope with stress; and the K6.
The e-PASS data (N=16703) was randomly split (40%:30%:30%) for training, validation and test purposes, and using the previously identified risk factors for suicidal ideation found in the e-PASS data, a binary logistic regression model for recent suicidal ideation was developed.
The model fit was evaluated for these three sets of data using areas under the Receiver Operating Curve (ROC). These areas (AUR) can be interpreted as the probability that a client reporting suicidal ideation will be ranked higher on suicidal ideation risk by the model than a client who does not report suicidal ideation. 30 The validity of the final model was confirmed for men and women for five age groups between 18 and 64, with AUR values exceeding 0.8 in all
cases. The odds ratios produced for the final binary logistic regression model indicate the relative importance of the various suicidal ideation risk factors (See Table 4 ). In the second phase, the eSID tool was presented to healthcare professionals for their feedback in two separate focus group sessions. The first focus group meeting was held in September 2014 with two doctors, two nurses and a medical centre manager, all employed by a university-based health service. The second was held in November 2014 with three clinical psychologists and two mental health nurses, employed by a community treatment and prevention program which assists medical centers with the management of patients with mental health problems. Four members of the research team attended both these meetings. The purpose of these meetings was to determine if the proposed eSID tool would be useful to medical centers and, if considered useful, to determine how such a tool should be best employed.
Results
Development of the e-PASS suicidal ideation detection (eSID) tool
The percentage of responses for recent suicidal ideation was 37.1% (38.0% for men and 36.8% for women). These rates are higher than what is expected for paper-pencil questionnaires or interviews. It is thought that this is because the anonymous nature of web-based testing invites a higher endorsement of suicidal ideation. 33 For those who endorsed recent suicidal ideation the mean K6 level was significantly higher (for men MN=19.96, SD=4.02, for women MN=20.99, SD=3.91) than for those who did not (for men MN=14.99, SD=4.40, for women MN=15.58,
SD=4.44).
A binary logistic regression model for responses to the recent suicidal ideation question was developed using the K6 and the other risk factors identified in the e-PASS data. Model fit was evaluated using the area under the Receiver Operating Curve (ROC). Values of 0.820, 0.825 and 0.831 for the training, validation and test data indicated that the model had good predictive accuracy when the model coefficients obtained from the training data were applied with the validation and test data. In addition, the fit of the final general model was compared with models fitted separately for each of the 10 gender/age groups indicated in Table 1 . As shown in Table 3 the general model provided a good fit for all 10 of these demographic groups with the separate Place Table 3 about here   Table 4 provides descriptive statistics and odds ratios for the variables used to predict the probability of suicidal ideation using the general model. There were significant differences (p < .001) between those who endorsed recent suicidal ideation and those who did not for all the risk factors included in Table 4 . This table shows adjusted odds ratios for suicidal ideation using the first category as the reference category for each categorical variable, when the multivariate binary logistic regression model was used to predict suicidal ideation. Predictions for the probability of suicidal ideation (p) were obtained using dummy (zero-one) coded data for all the categorical variables in Table 4 , weighting the client data using β weights calculated as the natural logarithm of the adjusted odds ratios, because ln(exp(β))= β.
Place Table 4 about here Table 4 shows that after controlling for all the other risk factors in the model, the odds for suicidal ideation were on average 21% lower for women than men. This should not be an unexpected result if one considers the higher suicide death rates for men shown in Table 1 . Also the odds for suicidal ideation are significantly lower for people aged 25-54 than for people aged 18-24 on average, but not significantly lower for those aged 55-64. On average the odds of recent suicidal ideation are 32% higher for those on a disability pension than for those in full-time employment, and significantly higher for those who have previously sought mental health treatment, 67% higher for those currently accessing face-to-face mental health treatments. On average single people are 23% more likely to have experienced recent suicidal ideation than married people, with similar rates for those widowed, separated or divorced. Interestingly the odds for suicidal ideation are highest for those who are not interested in making changes in regard to their mental health, and suicidal ideation is less likely amongst those with more confidence in their ability to manage their mental health. Not surprisingly this is also true for those with better quality of life. Figure 1 shows how the estimated probability of suicidal ideation varies in relation to the K6 value. The highest risk relates to patients having the highest odds ratios for SI (e.g., men, 18-24 years, disability employment status, currently accessing MH treatment, single, not interested/no need to change MH, poor confidence in ability to manage MH, poor quality of life, married, prepared to make MH change, good confidence in ability to manage MH, very good quality of life, main MH concern is substance abuse, not seeking MH assessment, social support adequate, not using alcohol or substances to cope with stress). This graph shows that the K6 on its own is not a reliable indicator of suicidal ideation.
Place Figure 1 about here
Feedback from healthcare professionals
Using the regression weights obtained from the Binary Logistic Regression, an EXCEL worksheet shown in Figure 2 was produced to demonstrate how the eSID could be used in practice, using a mobile phone or iPad/tablet device. Feedback on the form of the assessment output was especially important because the raw tool produced only an estimated probability for suicidal ideation based on the variables found in Table 4 .
Place Figure 2 about here
The overall response of the healthcare professionals to the above suicidal ideation detection tool was very positive. The need for such a brief SI detection tool was acknowledged, particularly for high risk university populations and in other practices where there is a high frequency for patients presenting with depression or anxiety. It was acknowledged that medical practitioners were well-placed to monitor the use of the tool because distressed patients commonly asked for consultations with medical practitioners who could provide appropriate referrals and medication. It was also considered useful as a triage tool for distressed patients.
Ideally it was thought that the tool should be integrated in medical practice software, with medical practitioners receiving automatic SI prompts when accessing patient records, a major advantage over paper-based tools for assessing suicide risk. Overall the assessment tool was seen as an effective, non-threatening way in which to "start a conversation with patients about their mental health".
However, there were also some concerns. Short medical practitioner consultancy times of only 15 minutes meant that it might not be possible for the tool to be accessed during a consultation. "Medical practitioners have limited time to hear the patient's story, re-package it and come up with recommendations (e.g., referrals or treatment/management plans)". Also, it were needed for high risk cases it was recommended that for low risk cases "the tool should prompt medical practitioners to book a follow-up appointment in the following two days, and print off a safety plan and/or list of appropriate support contacts, so that the patient knows who to contact if risk escalates before the follow-up appointment". It was felt that medical practitioners would be open to this suggestion because "medical practitioners don't want to be just a triage/referral service".
Although the brevity of the tool was thought to be important, some additional questions were suggested for inclusion in the tool. Additional categories for "coping with stress" were suggested (e.g., "talking with friends and family") and a question regarding financial situation was considered particularly important. The effective trialing of the tool was also discussed, and it was suggested that the mental health nurses, seconded from the local agency assisting medical centers with mental health referrals and other requirements, would be helpful for this purpose.
Discussion
This study has shown that online open access web sites have the potential to enhance the quality and reduce the development costs of new screening tools in mental health and other areas.
This study has produced such a tool which shows good predictive power as a detection tool for suicidal ideation, for men and women aged 18-64 in a sample of clients accessing an online psychotherapy platform. This tool exhibits the importance of considering other risk factors, not just the K6, when assessing the risk of suicidal ideation. The initial reactions of healthcare professionals to this tool were favorable. It was seen as a rapid but effective method of engaging patients in a conversation about their mental health, and if necessary, asking some of the more direct questions about suicide found in the commonly used suicide screeners. 12, 13, 17, 18 The anonymous online nature of the data used to develop this tool and the nonthreatening nature of the questions included in the tool (no mention of suicide) means that the eSID may be more reliable than a clinical inquiry about suicidal ideation, in which questions that are more explicit are used. However, this is intended only as a SI detection tool, to be followed up with standard screening and a clinical assessment of risk when there is some indication of Clearly further work is needed in order to make the tool useful for physicians. Also, the tool has been developed using a specific online community of people who had exhibited concern regarding their mental health, by completing a psychiatric assessment on the MHO platform. The performance of this tool in other populations has not yet been tested. Feedback, especially in regard to related referral resources, is to be sought from medical practitioners by way of an active learning module (ALM). It is hoped that this will be offered through the Royal Australian
College of General Practitioners (RACGP) training program. In addition to providing readings and structured instruction this module will involve the use of the eSID with 20 patients for each of the participating medical practitioners. As recommended by Christensen et al., 34 this means that a risk assessment tool will be combined with online personalized programs of therapy. It is hoped that this in situ testing of the eSID tool by medical practitioners enrolled in the module will ensure that this tool can be further developed, and adopted by healthcare professionals more widely.
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